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1. Introduction and Aims 
Thus document reviews the state of knowledge in relation to the setting of 
environmental flow regime for the ‘lower Derwent River’ i.e. that section of the river 
and its estuary downstream of Meadowbank Dam. The report starts by briefly 
describing the nature of the lower Derwent. Issues pertaining to setting an 
environmental flow regime are described, and conceptual models of how flow drives 
key processes and ecological conditions in the lower Derwent are proposed. Current 
and published work relevant to those conceptual models is briefly reviewed, and key 
knowledge gaps are identified for each section of the lower Derwent. A suite of 
assessment and/or research activities are then proposed to address those gaps and 
develop a risk assessment framework aimed at defining an environmental flow regime 
for the lower Derwent. 
 
1.1 Environmental Flows: A regime rather than a ‘flow’ 
This document focuses on the knowledge required to derive an environmental flow 
regime for the lower Derwent. Implicit in the use of the term flow regime is the 
recognition that maintenance of a fluvial ecosystem requires maintenance of all key 
aspects of the flow regime rather than a single value or ‘flow’. For the lower Derwent, 
key elements of an environmental flow regime must include: 
• the magnitude and seasonal pattern of baseflows (those flows occurring 
between peak events); 
• the magnitude, seasonal pattern and return frequency (periodicity) of peak 
(including ‘flood’) flows. 
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1.2 Purpose of an environmental flow regime 
The aim of managing flows using a prescribed environmental flow regime is primarily 
to: 
• maintain the magnitude, variability and temporal pattern of key ecosystem 
processes at close to a reference state (e.g. natural or current values); 
• maintain a range of physico-chemical values which result from key 
hydrodynamic processes including lateral and vertical connectivity, mixing 
and transport and exchange of materials (e.g. sediments and nutrients), as well 
as biogeochemical processes such as nutrient exchange and sediment 
respiration. 
• maintain a range of ecological values which result from those processes, 
including: diverse and abundant fish macrophyte, algal, macroinvertebrate 
aquatic bird and mammal assemblages and/or populations, and high water 
quality.  
• maintain the recreational and aesthetic amenity of the system. 
 
1.3 Framework for ‘setting’ an environmental flow regime 
In order to derive an environmental flow regime for a system as complex as the lower 
Derwent, a reasonable level of understanding of the relationships between ecosystem 
functioning and components of the flow regime must be developed. A framework 
must be used which integrates the various components of the system and their 
responses to changes in flow regime. A risk assessment framework appears to be the 
most appropriate for this situation given: 
• the acceptance and adoption of a risk assessment approach to baseflow 
environmental flow setting in freshwater rivers in Tasmania; 
• the recent development of a modeling tools for the upper Derwent estuary 
which integrate hydrology, hydrodynamic processes, biogeochemical 
processes and ecological responses – tools which can readily be used to 
explore flow regime scenarios within a  risk assessment approach; 
• the acknowledged uncertainty of current knowledge of many of the processes 
and ‘parameters’ operating in the Derwent estuary in particular. 
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This document explores the current state of knowledge about environmental values 
and components in the lower Derwent as they pertain to flow-driven processes and 
outcomes, and to the extent that they support the knowledge base needed for a risk 
assessment approach. 
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2. The lower Derwent River and Estuary 
The ‘lower Derwent’ can be divided into three main functional sections, distinguished 
by differing roles of  the flow regime in their ecosystem functioning and resulting 
environmental values: 
1. Lower Derwent River: Meadowbank to New Norfolk. 
2. Upper Derwent Estuary:  New Norfolk to Bridgewater. 
3. Lower Derwent Estuary: Bridgewater to Storm Bay. 
 
A conceptual model of how key ecosystem processes and components are affected by 
the flow regime in the lower Derwent is shown below (Figure 2), along with the 
principle risks to ecosystem values. These conceptual models do not contain all the 
relevant ecosystem linkages, as they are too numerous and complex, rather they 
illustrate what are currently believed to be the predominant linkages driven by the 
flow regime. 
 
2.1 The Lower Derwent River: Meadowbank to New Norfolk. 
2.1.1 Setting and conceptual model 
The Derwent between Meadowbank Dam and New Norfolk is defined as the 
freshwater fluvial component above the tidal limit. The river is sinuous, with a series 
of major meander bends associated with large riffle-run and pool sequences, 
controlled in several places by bedrock features. The predominant substrate is 
boulder-cobble, and much of it is well armoured.  
 
The conceptual model in Figure 2 illustrates the potential for risks to aquatic fauna 
and recreational amenity associated with the following aspects of the flow regime: 
• Water level (and hence local depths and velocities) – influencing the amount 
and suitability of habitat for aquatic biota, and the suitability of specific river 
locations for recreational activities. 
• Flood magnitude, timing and frequency – impacting on channel form (and 
hence habitat availability for instream fauna), bed disturbance, and possibly 
fish recruitment (floods acting as cues to migration). 
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• Sediment transport – influenced by the flood regime, storage of sediment in 
Hydro dams, and influencing the availability of medium to fine sediments as 
habitats for instream biota. 
• Water quality – particularly temperature (influenced by Hydro releases) and 
turbidity (associated with flood events). 
 
Little is known of the aquatic biology of this river section. No quantitative fish 
surveys have been conducted, although the following species are known to occur (IFS 
records): 
Native species: Shortfin eels (Anguilla australis), Sandies (Pseudaphritis urvillii), 
Jollytail (Galaxias maculatus), Mountain galaxias (G. truttaceus), Tasmanian 
Mudfish (G. cleaveri), Seven-gilled lamprey (Geotria australis), Pouched lamprey 
(Mordacia mordax), Australian grayling (Prototroctes maraena).  
Translocated native species: Blackfish (Gadopsis marmoratus). 
Alien species: Brown trout (Salmo trutta), rainbow trout (Oncorhynchus mykiss) 
redfin perch (Perca fluviatilis), tench (Tinca tinca). 
Many of these species are migratory, and many pass through the Derwent estuary and 
lower Derwent River into tributary streams to complete their life-cycle (e.g. Sloane 
1984). Meadowbank Dam is known to prevent upstream migration of shortfin eels 
and lampreys, with substantial accumulations of these species at the dam wall in 
spring-summer each year. Little else is known however of fish abundance, 
movements and habitat use in the lower Derwent River (or estuary). 
 
Davies et al. (1999) conducted rapid assessment sampling of macroinvertebrates in 
the lower Derwent immediately downstream of Meadowbank Dam, and analysed the 
data with predictive bioassessment ‘RIVPACS’ models based on both 
presence/absence and rank abundance data. They concluded that the 
macroinvertebrate community immediately downstream of Meadowbank power 
station was ‘highly modified’. The site was found to have only 50% of its expected 
macroinvertebrate taxa (those families predicted to be there under unmodified 
conditions), as well as an additional reduction of 19% in rank abundance categories of 
the remaining taxa. They concluded that this was due to substantial changes in the 
flow regime caused by upstream hydro operations, with community composition 
changes typical of other Tasmania rivers downstream of power stations. 
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Figure 2. Lower Derwent River: Meadowbank to New Norfolk. 
Conceptual model of interaction between flow regime, key 
processes and risks to ecosystem values. 
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The lower Derwent contains populations of platypus and Australian water rat 
(Hydromys chrysogaster) whose size, condition and reproductive status is unknown. 
The platypus is entirely dependent on aquatic macroinvertebrates as a food source, 
and requires a specific range of water velocities and depths for foraging. Hydromys is 
a riparian dwelling rodent, with a diet dependent in large part on fish. In addition, the 
Tasmanian subspecies of the azure kingfisher (Alcedo azurea diemenensis), an 
endangered riparian dwelling bird species largely dependent on a fish diet, has been 
recorded from the lower Derwent River catchment. 
 
Recreational activities in the lower Derwent river  include: 
• Angling – angling for trout in the lower Derwent occurs, but the magnitude of 
this fishery is unknown. 
• Rafting and canoeing – private and commercial rafting does occur on the 
lower Derwent in summer-autumn, and canoeing is a regular activity, focused 
at particular locations. 
• Jet boating – a commercial jet boat operates in the reach upstream of New 
Norfolk. 
• Visual amenity (e.g. picnicking, sight-seeing etc) -  is also an important aspect 
of the lower Derwent. 
 
The flow regime is largely controlled by the operation of a series of Hydro Tasmania 
hydroelectric storages and associated power stations. This ‘run of river’ sequence of 
hydro stations is designed to provide a continuous source of power (‘baseload’), 
particularly during the winter-spring months when river flows are at their peak. 
Several, substantial unregulated tributaries enter the Derwent downstream of 
Meadowbank Dam, most notably the Tyenna, Styx and Plenty Rivers. While these 
rivers restore some of the natural features of the flow regime, the lower Derwent is 
predominantly a regulated river. 
 
The storages do not regulate the entire flow regime, however. Operation of the power 
stations requires a fairly consistent ‘head’ of water in each storage, so that the range 
of water levels is limited. Thus there is little capacity to capture and store large flood 
events, which frequently result in spills over the dams. Davies and Kalish (1994) 
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evaluated the impact of the hydro storages on flows at New Norfolk by comparing 
flow records for the Huon and Derwent Rivers for the periods prior to hydro 
development, and the 1980’s. They concluded that hydro development had not altered 
the incidence, frequency or magnitude of very large floods, but that significant 
attenuation (‘smearing’) through the series of storages from Meadowbank Dam 
upstream had resulted in loss of intermediate floods (ca 200 – 500 cumec). In 
addition, Davies et al. (1999) noted high levels of variability in flows at daily time 
steps, coupled with slight changes in seasonality of flow in the Derwent at 
Meadowbank Dam. 
 
Thus, the flow regime in the lower Derwent has been altered through Hydro 
operations, with: 
• seasonal changes in baseflow, with enhanced summer baseflows; 
• reduction in frequency of ‘medium’ sized floods up to those with an annual 
return interval, largely by attenuation of floods through the storage chain in 
the middle-upper Derwent; 
• much more variable flows at daily (and possibly hourly) time steps, coupled 
with faster rates of flow change associated with fluctuations in power station 
discharge; 
• no change in large (> 500 cumec) flood frequencies. 
 
2.1.2 Environmental values – lower Derwent River 
Core environmental values for the lower Derwent river include: 
• native fish assemblage; 
• native macroinvertebrate assemblages; 
• high water quality with a near-natural thermal regime; 
• platypus and Hydromys populations. 
 
Recreational values include: 
• suitable flow conditions for rafting, canoeing and jet boating; 
• suitable flow conditions and brown trout populations for angling. 
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2.1.3 Knowledge gaps – lower Derwent River 
While the conceptual model illustrates the key links between the flow regime and 
environmental values in the lower Derwent, the knowledge base for making 
environmental flow decisions is poor. 
 
2.1.3.1 Fluvial geomorphology 
There is currently no information on the geomorphology of the lower Derwent as it 
relates to flows, although some limited flood-mapping has been conducted in the 
vicinity of New Norfolk. This information is required in order to assess both 
baseflows and food flows required to maintain the current major channel features as 
well as instream habitat for fauna. 
 
There is a need for information on the susceptibility of channel form to changes in 
flow regime, with an emphasis on: 
• Mapping channel form features a they relate to both geomorphological units 
and instream habitat (e.g. snags, gravel-bars etc); 
• Flows required to move and/or redistribute fine sediments (gravels and sands) 
within the section; 
• Flows required to initiate bedload movement of coarse substrates (cobbles-
boulders); 
• Flows required to initiate channel-form and habitat changes (meander cutting, 
bar migration, snag movement etc). 
 
Some assessment of changes in the availability of fine sediment associated with 
Hydro dams would be valuable, in order to assess to what extent starvation of coarse 
to fine sediment supply is an issue of the lower Derwent. 
 
2.1.3.2 Instream fauna 
The status (population size, locations and habitat preferences, community 
composition and overall ‘health’) of the instream fauna is essentially unknown in the 
lower Derwent. Data is needed on the state of fish, macroinvertebrate, platypus and 
Hydromys populations.  
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 Data is also required on the habitat requirements of macroinvertebrates occurring in 
the lower Derwent, as well as of the relevant native fish species. Any fish 
migration/passage issues occurring within this reach should also be identified. Key 
spawning areas used by brown trout should also be located. 
 
Data on the location of platypus burrow sites in relation to water levels is also needed. 
 
The relationships between flood flows and water quality should also be explored, with 
an emphasis on differentiating flow events associated with Hydro releases/spills and 
events which include substantial lower tributary inflows. 
 
Relationships between flows and temperature should also be explored, particularly in 
the reach immediately downstream of Meadowbank Dam. Thermal targets for 
maintaining the downstream ecosystem should be also identified. 
 
2.1.3.3 Recreational amenity 
Data on flow needs (particularly depths and velocities) for recreational activities are 
also required. Some of this may be available from overseas or through other 
assessments in Australian rivers, but some local consultation will be needed. 
 
2.1.4 Proposed Activities – lower Derwent River. 
2.1.4.1 Data Collection 
An initial phase of data collection should be conducted in order to address the major 
knowledge gaps identified above. This will include general field surveys of 
geomorphology and habitat features, fish, macroinvertebrates and platypus. More 
detailed assessment of relationships between instream faunal abundance and habitat 
characteristics will be needed. 
 
This should be accompanied by a detailed ‘diagnostic’ assessment of relationships 
between flow regime components and geomorphological and habitat features. 
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Relationships between temperature and flow should be evaluated statistically for 
selected sites downstream of Meadowbank Dam. Water quality data collected at Bryn 
Estyn should be analysed, and relationships with river discharge evaluated. 
 
2.1.4.2 Risk Assessment 
The data collected above should be incorporated into an overall risk assessment which 
identified risks associated with a range of options for seasonal (monthly) baseflows, 
and seasonal flood events (including magnitude, duration and frequency). The risk 
assessment should evaluate risks to: 
• Channel form and processes (e.g. erosion, aggradation) – this should include 
identification of high risk ‘hot spots’. It should also involve identifying risks 
in a regional geomorphic context, with some assessment conducted in similar 
large Tasmanian river systems, or building on current knowledge; 
• Instream fauna – using habitat-discharge relationships for baseflows, and 
natural measures of flow variability. Measures of habitat availability should 
over a range of discharges should be made both for individual taxa brown 
trout also for key habitat features e.g. snags, backwater-wetlands etc, riffle 
crests etc. The risk assessment should be conducted relative to the ‘no-Hydro’ 
reference state, based on the modeled flows. This assessment should also 
include a comparative assessment of instream faunal composition in the lower 
Huon River, and of the implications of differences in hydrological variability 
in fish and macroinvertebrate assemblage structure between the two systems; 
• Recreational amenity – using derived and local information on suitability of 
flow conditions for recreational boating and angling; 
 
The above risk assessments should be conducted using a common set of hydrological 
data. Both current (‘with Hydro’) and natural (‘no Hydro’) flow regimes should be 
provided (the latter as a modeled data set). Agreement should be sought on what 
constitutes a suitable reference flow condition against which to assess departures in 
key variables and hence to quantify risks. This may be the current or natural 
condition.  
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An overall risk assessment should be conducted using the results for all the above 
components and a range of flow regime scenarios. From this, a sub-set of flow 
regimes should be identified as providing the lowest risk for the environmental 
values. 
 
No further trade-off should be conducted at this stage of the study. It is recognised 
however, that a substantial trade-off will be made when selecting the reference 
condition against which risks will be assessed. This must be a formal, transparent and 
well-documented part of the activity program. 
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2.2 The Derwent estuary 
2.2.1 Setting and conceptual model 
The Derwent downstream of New Norfolk is an estuarine system which can be 
broadly divided into two sections: 
The upper estuary - Upstream of Dogshear Point – a shallow, salt wedge estuary in 
which outflowing fresher water flows over inflowing saline water. The water column 
is strongly partitioned (stratified) with river flow driving mixing across the salinity 
boundary or ‘halocline’. The salinity of upper water increases in a downstream 
direction due to this mixing, while the salinity of the bottom water decreases in an 
upstream direction. The position of the upper limit of the salt wedge, or its ‘toe’, is 
determined by river flows and tidal phase. The balance of vertical mixing (and 
entrainment) and lateral exchange is critical in the relationship between river flow and 
the environmental state of this section of the estuary. 
 
The lower estuary - Downstream of Dogshear Point -  a deep, tidal estuary in 
which the water column is partially to well mixed, with a vertical salinity gradient but 
no marked stratification or halocline. Here, mixing is determined by the interactions 
between wind, tide and river flows, with river flow playing a major role only at higher 
discharges. Exchange of coastal waters (including nutrients and biota) with Storm Bay 
is a major feature of this estuarine section. 
 
The Derwent estuary is complex, with a number of key processes determining the 
state of a range of ecological components. Those processes which are strongly driven 
by flow, as shown in the conceptual model (Figure 3), are: 
• Lateral connectivity (as determined by water level) – vital for exchange of 
material and biota between the main river and marginal wetlands and/or tidal 
marshes; 
• Sediment transport – influenced by water velocity, mixing dynamics, settling 
rates and salinity-induce flocculation of fine particles. The state of key habitats 
(e.g. sub-tidal seagrass meadows) within the estuary is largely determined by 
the degree to which sediment is locally accumulating (aggrading) or being 
removed (degrading). 
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• Mixing (within the water column and across the halocline) – almost 
completely controlled by river flows in the upper estuary. Mixing is 
responsible for controlling or strongly influencing nutrient exchange (between 
fresh and saline waters and between water and sediments), sediment settling 
and flocculation, surface water salinity, and flushing/exchange of salt wedge 
water (frequently low in dissolved oxygen in the upper estuary). These 
processes resulting mixing being indirectly responsible for the state of most of 
the biological values in the upper estuary. 
• Residence times – as controlled by river velocities. The rapid transport of 
nutrients, bacteria and phytoplankton out of the upper estuary results in low 
environmental risks associated with enhanced nutrient levels in that section. 
Much longer residence times in the lower estuary, however, result in higher 
risks of bacterial and algal blooms.  
 
There are key spatial features within the estuary. For example, recent modeling and 
analysis (Parslow et al. 2001) has indicated a key role of tidal and subtidal marshes, 
associated with seagrass meadows and attached algae (microphytobenthos, or MPB), 
in the upper estuary in determining the nitrogen dynamics of the upper and middle 
sections of the estuary. The integrity of those marshes is therefore likely to be integral 
to the overall ecological health of the entire estuarine system. 
 
The role of inter and supra-tidal marshes marginal to the river channel (e.g. at 
Murphys Flat) is less clear. However, it is likely that they are key centres for 
biodiversity (Knowles 1989, Barmuta et al. 1995), for flora and fauna, and may also 
play a key role in native fish recruitment (as spawning and larval habitats), and in 
carbon and nutrient processing. 
 
Several surveys have been conducted of seagrasses, wetland plants, algae, benthic 
macroinvertebrates and fish in the Derwent estuary since the late 1980’s (Table 1). 
There is therefore a reasonable working knowledge of the distribution, condition and 
issues associated with these ecological components, though only recently and for the 
upper estuary has any attempt been made to quantify survey information for algae, 
plants, seagrasses and benthic macroinvertebrates (e.g. Aquenal 2001). Only one 
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quantitative fishery (‘creel’) survey has been conducted (IFS unpub. data) of the 
estuary upstream of the Tasman Bridge, in the late 1980’s, and the overall knowledge 
of the fishery in the lower estuary is also limited. 
 
While the bathymetry has been established for the estuary (e.g. Parslow et al. 2001, 
though with some need for additional data collection in some wetlands and marshes), 
there has been little in the way of sediment surveys, and no analysis of geomorphic 
structure. There is therefore little understanding of the distribution of key geomorphic 
features within the estuary, of sensitivities to flow and sediment delivery, and of 
historical changes associated with changes in flow regime or catchment land-use and 
hydroelectric development.  
 
A number of key biogeochemical processes have been measured in the Derwent 
estuary, but these have been largely focused on the impact of industrial effluents (e.g. 
Boyer mill discharge), localised erosion (e.g. Lindisfarne Bay sedimentation) or 
nutrient enrichment (Coughanowr 1997). Recent work conducted in the upper estuary 
has provided some initial data on sediment and water column respiration, and 
sediment and macrophyte production, respiration and nutrient exchange (NSR 2001). 
 
Changes in the flow regime caused by hydroelectric operations, coupled with changes 
in catchment yield, are directly responsible for changes in the frequency with which 
the salt wedge toe is ‘flushed’ i.e. mixed sufficiently to restore high DO levels 
(Davies and Kalish 1994). It is therefore understood that a number of fundamental 
processes in the Derwent estuary will be both directly and indirectly influenced by 
changes in the flow regime. 
 
2.2.2 Environmental values 
Core environmental values for both the upper and lower Derwent estuary include: 
• native fish assemblages and associated fisheries; 
• native benthic macroinvertebrate assemblages; 
• high water quality with a near-natural nutrient status and low ‘nuisance’ algal 
bloom risk; 
• water bird and platypus populations. 
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Table 1. Surveys of key environmental values in the Derwent 
estuary  in chronological order. 
 
 
Component Survey Source 
Fish Adult fish, upper estuary. 
Whitebait, upper estuary. 
Whitebait, upper estuary. 
Adult fish, upper estuary. 
Adult fish health, upper 
estuary. 
Adult fish, upper estuary. 
Davies et al. 1989 
Davies et al. 1989 
Fulton & Pavuk 1988  
Aquahealth 1990 
Aquahealth 1991 
 
Aquenal 2001 
Macroinvertebrates Upper estuary soft 
sediments. 
Upper estuary soft 
sediments. 
Upper estuary soft 
sediments. 
Murphys Flats area. 
Upper estuary benthos. 
Estuarine intertidal benthos. 
Aquahealth 1990, 1998 
Moverley & Garland 1995, 
1998 
 
 
 
Barmuta et al. 1995 
Aquenal 2001 
Edgar et al. 1999 
Algae Phytoplankton surveys. 
Soft sediment microalgae. 
Macroalgae and MPB, 
upper estuary. Community 
composition, distribution, 
biomass. 
Hallegraeff & Westwood 1995 
Aquahealth 1998 
Aquenal 2001 
Seagrasses Upper estuary distribution, 
species composition and 
biomass. 
Aquenal 2001 
Fishery Rod fishery, upstream 
Tasman bridge. 
Whitebait fishery. 
Whitebait fishery. 
Davies, IFC, unpub. data 
 
Fulton & Pavuk 1988 
IFC unpub data, annual reports 
Macrophytes and 
wetland plants 
Tidal wetlands and marshes. 
Tidal wetlands and marshes. 
 
Tidal wetlands and marshes, 
upper estuary, 
Tidal wetlands and marshes, 
upper estuary, 
Community composition, 
distribution, upper estuary. 
Kirkpatrick & Glasby 1981 
Kirkpatrick & Harwood 1983, 
Knowles B 1989 
MacDonald 1995 
North 1995 
Aquenal 2001 
Waterbirds Point observations and 
species list, 
Eight annual counts at fixed 
points, Goulds Lagoon to 
Boyer area. 
Various sources - Parks & 
Wildlife unpub. data. 
Parks & Wildlife unpub. data. 
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Figure 3. Conceptual model of the links between river flow regime 
and environmental risks in the Derwent Estuary. MPB =  
microphytobenthos; C, N and P = carbon, nitrogen and 
phosphorus. 
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Recreational values include: 
• suitable flow conditions for boating; 
• suitable flow conditions and fish populations for angling. 
 
Further exploration of the state and environmental values of the Derwent estuary is 
provided by Coughanowr (1997). 
 
2.2.3 Current knowledge and gaps  - Derwent estuary 
While aspects of the Derwent estuary have been studied in detail, there has been little 
development of a ‘whole of system’ understanding. Simple box (‘Pritchard’) models 
have been developed to model flows and salinity within the estuary (Davies and 
Kalish 1989, Hunter and Andrewartha 1990, Davies and Kalish 1994, Walker and 
Hunter 1994). More complex three-dimensional models have been developed for a 
range of purposes (e.g. Hunter et al. 1998, Parslow et al. 2001) -  initially to trace 
pollutants (industrial discharges, nutrients), but more recently to model these in 
combination with biogeochemical variables. Modelling has mainly focused on the 
upper estuary, but both model types have been developed for the entire estuary as far 
downstream as the Iron Pot.  
 
The most recent and relevant modelling extension and refinement has been conducted 
as part of the Norske Skog Ecological Risk Assessment (ERA) for the estuary 
upstream of Bridgewater. 
 
A hydrodynamic model, MECO, has been used to simulate transport and dispersal in 
the estuary. MECO is a three-dimensional, non-linear, variable-density hydrodynamic 
model developed by the CSIRO Division of Marine Research in Hobart. It is an 
upgraded version of the M3D model used in earlier simulations of the estuary 
described by Walker and Hunter (1994). Input parameters for the MECO model 
include river flow, water level, wind and estuary bathymetry. 
 
Modelling of ecosystem components in the upper estuary has been conducted by 
Parslow et al. (2001) using additional biogeochemical-ecological models 
implemented within a coarse resolution transport model, or “box” model, BM, based 
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on a model framework developed described in the Port Phillip Bay (PPB) 
Environmental Study report (Walker, 1997). Details of the biogeochemical and 
ecological model approach can be found in Murray and Parslow (1997).  
 
The model represents the cycling of nitrogen, phosphorous and carbon through both 
pelagic and benthic compartments in the estuary. The PPB Study showed 
convincingly that, in shallow coastal embayments and estuaries, representation of 
both pelagic and benthic systems, and the coupling between them, is critical to 
understanding and predicting the response to nutrient loads (Murray and Parslow, 
1997). The biogeochemical-ecological box model is coupled with the MECO model 
to link flows and related processes such as mixing, to ecosystem components. 
 
Biogeochemical components have only been added for the 3D model for the upper 
estuary above Bridgewater. The ecological compartments in this model include 
microphytobenthos and attached macroalgae, seagrass, phytoplankton and bacteria. 
 
Spatial compartments include all areas below the high tide limit including the main 
channel, lateral tidal marshes and seagrass meadows and mudflats, surface water and 
bottom waters. 
 
The ecological model has three modules: water column, sediment, and epibenthos. 
The water column module describes a simple planktonic food web. The model 
includes two phytoplankton functional groups: small phytoflagellates and large 
bloom-forming phytoplankton with nominal cell diameters of 5 μm and 20 μm 
respectively. There are in turn two size classes of zooplankton which graze 
respectively on small and large phytoplankton. The model represents a range of forms 
of nonliving particulate and dissolved organic matter, as well as inorganic nutrient 
species, dissolved inorganic carbon (DIC) and dissolved oxygen. 
 
The sediment module represents the breakdown of particulate and dissolved organic 
matter through microbial and detritivore activity which consumes oxygen and releases 
DIC and inorganic nutrients. The module includes the processes of nitrification and 
denitrification, which have been shown to play a pivotal role in nitrogen cycling in 
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coastal systems (Harris et al. 1996). The module also includes benthic microalgae, 
which have now been shown to make a major contribution to primary production in 
many coastal systems. 
 
The epibenthic module represents two functional classes of attached macrophytes: 
macroalgae, which take up nutrients from the water column, and seagrass, which take 
up nutrients from the sediment pore water.  
 
The CSIRO model is relatively complex and has a large number of potentially 
variable parameters. For example, Figure 4 illustrates the interactions involved in 
modeling biological nitrogen cycling within the estuary.  
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Figure 4. A schematic picture of nitrogen cycling through pelagic, 
benthic and epibenthic components in the CSIRO model 
(from Parslow et al. 2001). 
 
The model is based on work conducted for the PBB study, and the ecological model 
was already calibrated for a variety of other estuarine and coastal systems. It was also 
calibrated using water column chemical measurements (including salinity) and data 
from physiological process studies, field surveys, benthic flux measurements and 
laboratory experiments, conducted specifically for the upper Derwent study. These 
included sediment respiration and nutrient exchange rates, and biomass of 
microphytobenthos, macroalgae and seagrass. 
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In addition, the ecological model has been improved by addition of or modifications 
to elements which model: phosphorus partitioning, plant growth, zooplankton grazing, 
temperature dependence of processes, light attenuation by natural colour and 
suspended material, flocculation of suspensoids, labile organic carbon kinetics, 
aerobic vs anaerobic respiration. 
 
Two ‘steady-state’ flow (and wind) scenarios were tested as part of the Norske Skog 
ERA project (Parslow et al. 2001): 5-percentile and 50-percentile flows of 45 and 90 
m3s-1. This modelling demonstrated that changes in flow in the upper estuary cause: 
• salt wedge DO decreases under median and higher flows due to higher natural 
POC loads; 
• substantial increases in biomass of wetland seagrass, macroalgae and MPB at 
median flow (90 cumec) compared to low flow (45 cumec) – see Figure 5; 
• substantial decreases in channel MPB biomass at median vs low flows. 
 
It was of interest that the ecological components were sensitive to the presence of the 
Norske Skog combined effluent stream (CES), mainly through the suppression of 
primary production through light attenuation from colour in the discharge, but that 
forecast variations to CES composition (e.g. through secondary treatment) caused 
little or  no response. Any future modelling of the system will have to take account of 
the presence of both the Boyer discharge and other nutrient inputs to the estuary. 
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Figure 5. Macroalgal biomass (g wet wt m-2) modeled for eight 
areas in the upper Derwent estuary at to different steady-
state flows. Dashed lines indicate 5, 95%iles. 
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2.2.4 Proposed Activities – Derwent Estuary 
The Derwent estuary is a highly complex, multi-compartment ecosystem which does 
not react to changes in environmental conditions in a simple linear fashion. Flow is a 
key driver of the system, and can cause far-reaching changes to a number of 
ecosystem processes and elements.  
 
Deriving and environmental flow regime for this system is not a simple task. A risk 
assessment approach is proposed which addresses responses to flow in an integrated 
fashion, while acknowledging uncertainties. The only tool available at present, for a 
reasonable investment, is that developed to date by CSIRO, or at least a modelling-
based approach similar to it. It has the following advantages: 
• It is integrated, and based around the dominant processes relevant to 
ecological values; 
• It has been calibrated against data sets from a  range of estuaries, and 
particularly, the upper Derwent estuary; 
• It provided outputs which could be translated into risks for the core 
environmental values for the estuary. 
 
Limitations, and hence needs for further investment prior to conducting a risk 
assessment, are: 
• the  need for geomorphological assessment – sediment transport is not directly 
modeled, and hence there is no ability to assess aggradation/degradation risks 
for major geomorphic units (channel, channel banks, wetlands, mudflats etc.). 
A sediment transport module may have to be developed. This is, however, 
likely to have a low rate of success in predicting rates of change in sediment 
units at a spatial scale useful for assessing rates of physical change to major 
estuarine features. Geomorphic risks should therefore also be assessed in a less 
‘mathematical’ manner (e.g. by specialist field survey and landscape 
interpretation). 
• the need for some additional empirical ‘calibration’ data to account for 
seasonal variations in some processes and compartments (e.g. algal, seagrass 
biomass etc – see Parslow et al. 2001), and some bathymetric survey of 
fringing wetlands. 
Freshwater Systems  23 
May 2001 
• the need to develop the biogeochemical-ecological box model for entire 
estuary, with possible need to add new components. 
• the breakup of the original modelling group in CSIRO formed under the now 
defunct Coastal Zone Management Program, may require new expertise – 
which raises the possibility of developing ‘in-house’ Tasmanian expertise 
focused on modelling a range of management interventions (i.e. not just flows, 
but also nutrient and industrial effluent management scenarios etc). The 
current ‘fate’ of the models developed by the CSIRO group is somewhat 
tenuous (i.e. it depends on the flow of consultancy contracts). The value of the 
approach should, however, be recognised by the Tasmanian government, and 
an investment made in managing a modelling resource and relevant expertise. 
 
The CSIRO ecological model does not include vertebrates (e.g. fish) or other values 
(e.g. recreational amenity). Modelling for these components is impractical, as most 
vertebrates (fish, platypus, birds) migrate over large distances within and outside the 
Derwent estuary, and population-level responses to processes within the estuary are 
not understood. It is however, appropriate to use modeled conditions of environmental 
and ecological parameters (e.g. DO, salinity, algal and seagrass biomass etc) to derive 
measures of ‘suitability’ of estuary sections for benthic macroinvertebrates, native 
fish, birds and platypus, as well as for recreational amenity. This can use a 
combination of expert judgement and existing criteria (e.g. ANZECC/ARMCANZ 
water quality criteria). 
 
Thus, an ‘integrated’ risk assessment could be conducted effectively, as follows: 
1. Collect limited additional data to address selected empirical data gaps and 
(particularly addressing seasonal variation in key parameters). 
2. (Optional) – develop the biogeochemical and ecological box models for the 
entire estuary (downstream to the Iron Pot). This may also require 
development of a fish larval - zooplankton interaction component. 
3. Run existing model for upper estuary only (or a new/revised model for entire 
estuary), in combination with the MECO hydrological model, over a range of 
flow scenarios both as steady state and as flow sequences, and derive key 
physico-chemical and ecological outputs. 
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4. Estimate derived measures of suitability (or risk) from the above model 
outputs for water quality, benthic macroinvertebrates, native fish and trout, 
platypus, waterbirds and recreational amenity. 
5. Translate these into a relationship between flow regime and risk for all values 
to the estuary. 
6. Combine with the results of the risk assessment for the Derwent upstream of 
New Norfolk, and make ‘internal’ trade-off. 
7. Recommend appropriate environmental flow regime. 
 
3. Costing 
3.1 Lower Derwent River 
3.1.1 Data collection 
Habitat data and hydraulic characterisation $  8500.00 
Biological survey $  8500.00 
Habitat preference data $  6000.00 
Geomorphological characterisation $10000.00 
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